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HEAT TRANSFER COEFFICIENT. TWO-PHASE FLOW BOILING OF HFC134a 
Katarina Hambr~us. M.Sc. 
Royal Institute of Technology Dept. of Applied Thermodynamics and Refrigeration S-100 44 Stockholm 
Sweden 
ABSTRACT 
Evaporation of HFC134a inside smooth, horizontal tubes is studied. Te,;ts are made with pure refngerant and with oil-refrigerant mix-tures. Heat flux has varied from 2 kW/n? to 10 kW/m2 . The inner dia-meter of the tubes are 12 mm. T1.1o evaporators are used, 4 and 10 m long. Oil content is varied from 0 to 2.5 mass percentage (synthetic oil, EXP-0275). Oil free HFC134a is found to have higher heat transfer coefficient than HCFC22 at the same heat flux. as well as mass flux. The effect of oil in the refrigerant depends on the heat flux. At 2 and 4 kW/mz. the heat transfer coefficient has a maximum value for an oil content of around 0. 5 mass percentage. No increase at all is registered for a heat flux of 6 kW/m2 . 
Heat transfer coefficients for pure refrigerant are also compared to existing correlations. Pierre's correlation predict values with a reasonable accuracy. The by Jung modified Chen-relation, however. overestimate the heat transfer coefficient. Discrepancies are probably malnly due to errors in thermodynamic properties. 
INTRODUCTION 
When it became known that chlorine in refrigerants participate in the depletion of the ozone layer, a search for alternatives started. One refrigerant which has a high ozone depletion factor is CFC12. A possible substitute for this media is HFC134a. It is necessary that as much as possible is known of the behavior of HFC134a when introducing it to the market One particular area of interest is the performance in the evaporator. This paper presents preliminar-y results frorn heat transfer coefficient measurements for two phase flow boiling in hori-zontal tubes_ The tests are carried out f9r pure refrigerant as well as for a m1xture of refrigerant and oil. 
Applied power varies from 2 kW/m2 to 10 kW/m2 . Inlet quality is around 0.25 in the long evaporator, and 0.30 in the short. Evaporation temperature has been varied from -20°C to 5°C in the oil free tests In t"sts with oil-refrigerant mixture, the evaporation pressure has been kept as constant as possible and close to 2.3 bar, which corre-sponds to an evaporation temperature of -6°C for pure refrigerant_ 
EXPERIMENTAL APPARATUS 
The tested evaporator consists of ten smooth copper tubes llnked together (inner diameter; 12 mm, length: 1 m). There ar" four sight glasses (same inner diameter and 10 em long) which enable a visual study of the flow at given sections of the evaporator. The tubes are connected to each other and form a horizontal "U". The sight glasses are placed after tube 1, 4, 6 and 9. A series of tests are carried out with a shorter evaporator, 4 m. 
The evaporator tubes are heated electrically and power is applied uniformly along the tubes. Mass flow of refrigerant is controlled by a manual expansion valve. It is adjust"d so that all superheating takes 
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place in the last tube only. The evaporator is connected to an ordina-
ry open reciprocating compressor and a water cooled condenser. Two 
large oil separators are used to ensure an oil free evaporator. In the 
case of tests with oil-refrigerant mixtures, the oil is inserted 
before the expansion valve. The desired mass flow of oil is acquired 
by adjusting the length of the stroke of the oil pump. 
Surface temperatures on the tubes are measured by four thermo-
couples placed around the circumference at the outlet of the tube. 
Temperature before the expansion valve and after the evaporator are 
measured by thermocouples inserted into the tube. Condenser pressure, 
evaporator pressure and pressure drop along the evaporator are also 
measured. Mean values of temperatures and pressures during a period of 
steady state are used for calculations of th" heat transfer coef-
ficient. 
LJ 1 l pump 
1J 0 seol::l-~t...:J~s L:Oildenser- 0 l-
~========e=x=p=. =v~c:Jl~v~ ; ~~~ 
'. 
• , 
1 • /: I 
I L.._ ___ _jl V '---'---, 
b~- LIN___ - ~ 
0055 -
L:omtJI'e~sor 
schematic drawing of test equipment 
figure 1 
HEAT TRANSFER COEFFICIENT CORRELATIONS 
In this paper, the results from two phase flow boiling of HFC134a 
are compared to two different correlations for heat transfer coef-
ficients. These are a correlation according to Pierre [5] and a modi-
fied Chen relation [3]. ·Both correlations apply to two phase flow 
boiling in smooth horizontal tubes. The first correlation applies to 
mean values of heat transfer coefficients along the evaporator, and 
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Pierre's correlation 
Pierre's tests include three refrigerants. namely CFC12. HCFC22 and HCFC502. The evaporator length was 4. 08 m to 14.30 m, and the inner diameter varied from 12 mm to 18 mm. Applied power varied from L 1 kll/m2 to 30 kll/m2 . He uses the dimensionless Nusselt number, Nu. to represent the heat transfer coefficient. The Nusselt number is shown to be proportional to Reynold's number, Re, and a boiling num-ber, Kc' introduced by Pierre. These dimensionless numbers are defined 
as follows: 
Nu h d 
----




The heat transfer coefficient, h. is the mean value of the heat transfer coefficients over the length L. 
Pierre found it possible to represent all tested refrigerants with the same correlation: 
Nu - C· (Re2 ·K )n 
f 
C and n are independent of the refrigerant, but depend on whether or not the media is superheated. The constant C. however, also depend on used thermodynamic properties. The following values are given by Pierre: 
n - o.s } without superh.,at c 1.1·10-3 
n - 0.4 } with superheat (5 to 7 Kl c 1. 0·10-z 
Unfortunately. the property data for HCFC22 used in this paper differs from data used by Pierre [S]. A correction for these differen-ces in properti"s can be established in the following way: 
(;>./J.!) 
C - C [ Pl.r'") 
oorr - • (A/).J.) data 
For following coparisions, the corrected constant is used (which is around 20% lower than Pierre's constant). 
A modified Chen correlation 
Chen's correlation applies to two phase flow boiling of water_ He divides the two-phase flow boiling heat transfer into two different forms: nucleate boiling and convective evaporation. At low qualities, nucleate boiling and convective evaporation coexist, but as quality increases, nucleate boiling is suppressed. 
The dimensionless heat transfer coefficient is represented by the ratio of local heat transfer coefficient and heat transfer coefficient for liquid only, h
100
/hl.o. _ It is plotted versus the inverse 
Martinelli parameter, 1/X" which is proportional to quality. It is 
therefore possible to view the graph as local heat transfer coef-ficient's dependency on quality. In the area where the two forms of 
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boiling coexist, the heat transfer coefficient ratio is almost 
independent of quality, but when nucleate boiling is suppressed, the 
ratio increases with increasing quality. Definitions are as follows: 
_ [ 1_" )o.s [ )o.s [ )0.1 X - - • e.._ . 1:!.1 
U X P li l v 
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Heat transfer coefficient ratio in the region of convective eva-
poration can be described by a correlation. The original correlation 
given by Chen has been modified recently by Jung to apply to refrige-
rants [3] The point of transition between coexisting boiling forms and 
suppressed nucleate boiling depends on, for example, heat flux, mass 
flux, refrigerant and probably surface condition. The heat transfer-
coefficient's dependency on mass flux and heat flux is illustrated by 
introd~cing a boiling number, Bo. 
Bo ~ q 
G·h 
f9 
This can be interpreted as the ratio between mass flux of vapor 
generated on the heated surface (q/h ) and total mass flux parallel f9 
to the surface (G). An increase in boiling number results in an in-
crease in heat transfer coefficient ratio, and the point of transition 
is moved towards greater qualities. 
RESULTS FROM TESTS WITHOUT OIL 
Local heat transfer coefficients can be calculated with the help 
of measured temperatures, pressures and applied power. Evaporator 
pressure with correction for pressure drop are used to calculate 
refrigerant temperature in the tubes. The methods described above have 
been ~sed to represent test results in a dimensionless form. 
Mean heat transfer coefficient~ 
To compare HFC134a with known refrigerants. the mean heat transfer 
coefficient is plotted versus mass flux as well as heat flux. Results 
from tests with HCFC22 are included as a reference. These figures 
indicate that HFC134a has advantageous boiling heat transfer behavior. 
They also indicate a sudden change in magnitude of the heat transfer 
coefficient. This is probably due to a change in flow pattern. A 
visual study of the sight glass at the end of the evaporator indicate 
that, at high mass flux, the liquid is spread in a thin film over the 
entire circumference. This flow pattern is positive for the heat 
transfer. 
In dimensionless representation, the results are compared to 
Pierre's correlation. If the corrected constant is used, the correla-
tion for non superheated evaporation, predict values fairly close to 
the measured ones for the short tube, figure 4. Pierre's data show 
scattering of the same magnitude as presented in this paper. It is 
noticeable that the length of the evaporator seems to have some in-
fluence on the Nusselt number. Pierre's correlation for superheated 
media, however, does not adequately predict the heat transfer coef-
ficient, as shown in figure 6. This is not surprising since the corre-
lation is only valid when the superheat is 5 to 7 K and in these tests 
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Local heat transfer coefficients 
A plot of the local heat transfer coefficient along the evaporator illustrates how it varies with quality. At low heat flux, there is almost no change of the heat transfer coefficient during the evapora-tion. For greater heat flux, however, there is an increase in heat transfer coefficient along the evaporation. This is due to two phase flow phenomenon. 
lac~! r·,e21 lr¥1.;ter ~=o~ 1 ·J:!f?i""l 













In dimensionless representation, local heat transfer coefficients are represented by the ratio between measured heat transfer coef-ficient and calculated for liquid only, as described above. The cor-relation according to Jung does not predict heat transfer coefficients very accurately. The results do, however, follow the general trend of the correlation. The discrepancies are probably mainly due to errors in thermodynamic data. 
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RESULTS FROM TESTS ~ITH OIL 
The heat transfer coefficient is measured for different amount of 
oil inserted in the refrigerant flow. It is compared to pure refrige-
rant by dividing the measured heat transfer coefficient with the heat 
transfer coefficient for the same heat flux, but with oil free 
refr-igerant. The amount of oil inserted is measured by removing a 
sample of the mixture and boiling off the refrigerant. Both weight and 
volume of the sample is measured. Results are related to mass percen-
tage oil. 
. The testrd oil has a viscosity of 28.6 eSt at 40°C and a viscosity 
1ndex of 121 _ It is a synthetic oil and is totally soluble in HFC134a 
for temperatures between -50°C and 80°[_ It is also fully miscible 
with ordinary mineral oils. 
Oil influences the properties of the refrigerant markedly {1]. 
Since there are no data available concerning this behavior, the heat 
transfer coefficient is calculated with the help of measured pressure 
and as if it was pure refrigerant. Even though this does not produce 
the theoretically correct value of the heat transfer coefficient, it 
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A small amount of oil in the refrigerant seems to have a slight 
positive effect on the heat transfer coefficient at a heat flux lower 
than 4 k~/m2 At higher heat flux, no positive effect at all is regi-
stered when introducing oil in the refrigerant. Maximum increase of 
heat transfer coefficient occurs at an oil content around D. 5%. At a 
heat flux of 2 k~/m2 , the highest registered heat transfer coefficient 
is around 20'l. better than the heat transfer coefficient for pure 
refrigerant (increases of so;; has been noted by other authors [7]]. 
1oil: EXP-0275, CPI Eng. Services Inc. 
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For higher heat flux, there ls a continous decrea'Oe in heat t,-am;;fer-
coefficient with increasing oil content ( 20% lower at 2 mass per-
centage oil). 
Local heat transfer coefficient for tests with oil is also com-
pared to the local heat transfer coefficient for pure refrigerant. It 
is seen that there is an increase in the local heat transfer coef-
ficient in the beginning of the evaporator even when the mean value is 
lower with oil than \.lithout. There is a.n increase in oil content in 
the liquid along the evaporator since more and more refrigerant 
appears in gaseous phase. In the beginning of the evaporator, the oil 
might work as a nucleation help, whereas the ver-y oil rich liquid at 
the end of the evaporator probably works as an insulator, thus the 
decr-ease of the heat transfer coefficient. 
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Refrigerant temperature in the evaporator i~ calculated with the 
help of measured pressure. If the relation between pressure and tem-
perature (vapor pressure curve according to \.Jilson-Basu) is wrong, 
this will result in erroneous heat transfer coefficients (h•q/6t). It 
is unlikely though, that the great difference in heat transfer coef-
ficient compared to HCFC22 should be due to errors in vapor pressure 
curve. The deviations from dimensionless correlations, however, are 
probably mainly due to uncertainties in the properties of HFC134a. A 
more detailed study is needed to check the influence of properties and 
other parameter-s as for example Reynolds number. It would also be 
interesting to know the influence of oil on refrigerant properties, 
such as vapor pressure curve and viscoc1ty. 
ACKNOWLEDGEMENTS 
I would like to thank prof. Eric Granryd, Lars Sjoholm, Klas 
Berglof, CPI Eng. Services Inc. and AKA IP for their contributions in 
form of helpful discussions and oil and refrigerant samples. 
REFERENCES 
[1] Chaddock, J.B., "Influence of oil on refrigerant evaporator 
performance" ASHRAE trans., vol 82, pp 474-486, 1976 
[2] Chen, J. C., "Correlation for boiling heat transfer to saturated 
fluids in convective flow", I&EC Proc. Des. Dev, vol 5 no 3, pp 
322-329 1966 
[3] Jung, D. S. et al. "Horizontal flow boiling heat transfer 
experiments with a mixture of R22/R114", Int. J. Heat Mass 
Transfer, vol 32, no 1, pp 131-145, 1989 
[4] Pierre, B "Varmeovergangen vid kol<ande koldmedier i horisontella 
r6r", Kylteknisl< tidskrift, juni 1957 
[5] Pier-re, B. "Vlirmeovergang vid l<okande koldmedler i horisontella 
ror", Kylteknisl< tidskrift, nov 1969 
[6] Ross, H. et al, "Horizontal flow boiling of pure and mixed 
refrige;ants" Int. J. Heat Mass Transfe<, vol 30, no 5, 
pp 979-992, 1987 
[7] Schlager, L.M. et al, "A survey of refrigerant heat transfer and 
pressure drop emphasizing oil effects and in-tube augmentation", 
ASHRAE trans. vol 93, part 1, pp 392-416, 1987 
[8] Spauschus, H. 0., "HFC 134a as a substitute ret"riger-ant for CFC 
12", Proceedings of meetings of IIR commissions 81, 82, E1 and E2, 
pp 397-400, Purdue University, July 1988 
Thermodynamic data 
HFC134ao 
D.P. 1/ilson and R. S. Basu "Thermodynamic properties of a new strata-
spherically safe working fluid-Refrigerant 134a", ASHRAE trans., vol 
94, part 2, pp 2095-2104, 1988 
ICI Chemicals & Polymers "Arctan 134a Preliminary data sheet", 2nd 
edition, May 1988 
HCFC22: 
ASHRAE handbook, fundamentals 1981 
214 
